Under the various current densities, flow rates and the chlorine ion concentrations, the water disinfection in secondary sedimentation tank at boron-doped diamond film electrode was studied. The results showed that the disinfection rate increases with the larger current density and smaller flow rate; it is worthy of note that the chlorine ion concentration has remarkable effects on the wastewater disinfection. After the same cycle numbers, the larger chlorine ion concentration would induce more oxidants in the solution, and then certainly lead to the better disinfection effect. To obtain the higher disinfection rate under a certain chlorine ion concentration, long contact time between the wastewater and the electrode is necessary.
Introduction
Comparing with the traditional methods in wastewater disinfection, such as biological, chemical and physical methods, electrochemical disinfection is accompanied by simple facilities, small occupation area, the ability of wiping out many microorganisms in the effluent directly without addictives and being easy to realize automation, et al. [1] . Recently, it is more attractive to researcher's attentions. Direct current, low and high frequency alternating current have been involved in the electrochemical wastewater disinfection with the graphite, carbon fiber, stainless steel, platinum, titanium, and active coating titanium electrodes [2] [3] [4] [5] [6] .
During the electrochemical disinfection process, the electrode is the crux. It can directly affect the treatment efficiency. With the help of the development of the boron-doping technology, the boron-doped diamond (BDD) films, which exhibit semiconductor properties, attracting many researchers' attentions.
Diamond electrode possesses wide electrochemical window, high resistance to corrosion, good chemical stability. Therefore, it is appropriate for electrochemical wastewater disinfection as the electrode [7] .
In this paper, the BDD film electrode was grown by using hot-filament chemical vapor deposition method. Its surface structure and electrochemical properties were measured. Then, the effects of current density, flow rate and addictives on the electrochemical wastewater disinfection with the BDD films electrode were investigated to find out the optimal treatment condition. It is inevitably beneficial to the industrial application.
Experimentals

The preparation of BDD film electrode
The diamond films were deposited onto low-resistivity silicon (p-type) substrates from a hot-filament activated methane hydrogen gas mixture with the pressure of 50 Torr. The filament temperature was 2500 and that of substrates was 830 . The mixture flowed at the rate of 5 L/min, and the growth rate was 0.24 m/h. A continuous film of diamond was obtained after 15 hours of growth. The film resistance is in the range of 1~10 , which was measured in a solid-state arrangement.
The surface topography and characteristic of the films were investigated by using field-emission scanning electron microscopy (FE-SEM, Quanta 200 FEG), scanning probe microscopy (SPM, SPA-300HV and Raman spectrometer (RM1000 Renishaw), respectively. In the electrochemical experiment, a solution of 0.5 mM/L Na 2 SO 4 was prepared using reagent grade chemical in deionized water. A single compartment electrochemical cell, with three electrodes (BDD plates of 1 cm 2 of geometric area as the test electrode, platinum wire as the counter electrode, Hg/Hg 2 SO 4 /KCl (sat.) as the reference electrode), was used in this study. A potentiostat (EG&G Model 273) was adopted to obtain the cyclic voltammogram over a potential range of -1 V to 2.5 V and at a scan rate of 100 mV/s. The solution was not purged during the electrochemical measurement and the electrochemical experiment was conducted at room temperature.
Disinfection experimental design
3~5 g beef extract, 10 g peptone, 5 g NaCl and 1000 ml deionized water were mixed into the beaker, adjusting the PH to 7.4~7.6, then the substrate was obtained. Put 9 ml substrate in several test tubes separately, and dilute each of them with 9 ml saline, then put the test tube on test-tube caps to prepare for the sterilization.
All the works in the laboratory were required in the aseptic condition in order to avoid bringing in bacteria and to guarantee accuracy of the bacteria number. The pressure steam sterilization is used in this experiment. When the vapor pressure reaches 1 kg/cm 2 and the temperature in the autoclave is 120 , all the microorganisms and spore would be killed after 20~25 minutes. The total number of bacteria was recorded by three-tube method to count living bacteria.
This experiment was carried out in the Xiaojiahe Wastewater Treatment Plant, where the effluent (untreated) in the secondary sedimentation tank was used as the sample. According to the experiment condition, the wastewater sample was taken when it circulated in the disinfection system once. The total number of bacteria in the raw water is about 104/ml. The electrochemical disinfection device designed was presented in Fig. 1 . . At 1540 cm -1 , the peak is much wider and weaker than that at 1331 cm -1 . For the two characteristic peaks represent diamond phase and graphite phase respectively, the graphite phase is much less than the diamond phase. The peak at 920 cm -1 represents the information about silicon substrate [8] . It is worthy of note that the Raman spectra at the four points nearly overlap. It followed that the BDD films are of high quality. the other two electrodes, and the background current is close to 0. It followed that under equilibrium potential, there is nearly no charge transferring between the electrode/solution interface. All the charges flowing towards the interface mainly change the boundary structure, which charge for the electrode space charge region without electrochemical reaction. Therefore, the electrode is nearly ideal polarized. 
Disinfection effects in different experiment conditions
Firstly, the effects of the current density on the water disinfection without NaCl addictive at the flow rate of 300 L/h are investigated. The results are revealed in Fig. 5 . It indicated that the inactivation ratio would increase along with the increase of the current density, especially at the first 5 cycles. It is because that the current density has direct relation to the reaction speed at the electrode. The reaction at electrode speeds up with larger current density. Then, the active matters which have disinfection effects are produced more. It is certainly beneficial to the increase of disinfection efficiency in the system. Moreover, higher current density can lead to more gas generated at anode and then it enhances the stir; the increase of gas evolution could also actives the surface of anode, so that the concentration of active matter produced in the system augments and ultimately the disinfection capability is strengthened. Under the four current densities set in our experiment, after particular cycle number, the disinfection rate would nearly reach 100%. Then, the effects of the current density on the water disinfection without NaCl addictive at the current density of 100 mA/cm 2 are investigated. The result is shown in Fig. 6 . It indicated that the inactivation ratio would reduce as the flow rate increases. When the current density is stable, the electrode reaction changes little. Therefore, the concentration of generated active matters also keeps constant. However, the increase of the flow rate would reduce the contacting time between the water and the electrode. This inevitably affects the disinfection effects. To guarantee enough contacting time, large area electrode surface is needed. Because of the chlorine ion concentration being around 20 mg/L in ordinary water, to investigate the effects of the Cl concentration on the disinfection, the analysis-level NaCl need to be added into the water. The experiment is carried out at the current density of 115 mA/cm 2 with the flow rate of 400 L/h. The result is shown in Fig. 7 . When the flow rate is stable, the contacting time would not change and the inactivation ratio increases along with the increase of chlorine ion concentration. When it possesses a high chlorine ion concentration, the inactivation ratio would exceed 99% rapidly. Apparently, the chlorine ion concentration has great effect on the water disinfection. Considering the high concentration of chlorine ion in sea water, the electrochemical disinfection method perhaps has promising prospect in disposing offshore aquaculture water. 
Conclusions
BDD film electrode is obtained by means of the hot-filament chemical vapor deposition method. Using the BDD film as electrochemical electrode, the disinfection effects of the current density, flow rate and chlorine ion concentration are investigated. As the current density becomes larger, the better disinfection effect would increase. However, the higher flow rate would reduce the disinfection effect for the short contacting time between the water and the electrode. The chlorine ion concentration has significant effects on the disinfection efficiency. As the chlorine ion concentration increases, more active oxidants generate and the disinfection ratio also increase rapidly.
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